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conditions
Chris Ashwin1,2*, Emma Chapman1, Jessica Howells1, Danielle Rhydderch1, Ian Walker2 and Simon Baron-Cohen1,3Abstract
Background: People with autism spectrum conditions (ASC) report heightened olfaction. Previous sensory
experiments in people with ASC have reported hypersensitivity across visual, tactile, and auditory domains, but not
olfaction. The aims of the present study were to investigate olfactory sensitivity in ASC, and to test the association
of sensitivity to autistic traits.
Methods: We recruited 17 adult males diagnosed with ASC and 17 typical adult male controls and tested their
olfactory sensitivity using the Alcohol Sniff Test (AST), a standardised clinical evaluation of olfactory detection. The
AST involves varying the distance between subject and stimulus until an odour is barely detected. Participants with
ASC also completed the Autism Spectrum Quotient (AQ) as a measure of autism traits.
Results: The ASC group detected the odour at a mean distance of 24.1 cm (SD =11.5) from the nose, compared to
the control group, who detected it at a significantly shorter mean distance of 14.4 cm (SD =5.9). Detection distance
was independent of age and IQ for both groups, but showed a significant positive correlation with autistic traits in
the ASC group (r =0.522).
Conclusions: This is the first experimental demonstration, as far as the authors are aware, of superior olfactory
perception in ASC and showing that greater olfactory sensitivity is correlated with a higher number of autistic traits.
This is consistent with results from previous findings showing hypersensitivity in other sensory domains and may
help explain anecdotal and questionnaire accounts of heightened olfactory sensitivity in ASC. Results are discussed
in terms of possible underlying neurophysiology.
Keywords: Asperger syndrome, Autism, Autistic traits, Olfaction, Sensory hypersensitivityBackground
High-functioning autism (HFA) and Asperger syndrome
(AS) are autism spectrum conditions (ASC; also referred
to as ASD) diagnosed based on difficulties in social inter-
action and communication alongside unusually narrow
interests and highly repetitive behaviour [1]. Recently,
unusual sensory processing has been included in the
DSM-5 diagnostic criteria for ASC due to its high
prevalence among those on the autism spectrum and
its impact in their lives [2].
Anecdotally, individuals with high-functioning ASC often
describe heightened sensory perceptions, across different
modalities, which are experienced as over-arousing and* Correspondence: c.ashwin@bath.ac.uk
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unless otherwise stated.overwhelming [3,4]. Examples include accounts of people
with ASC refusing to walk on grass because they find the
smell overpowering [5], or who must wear the same clothes
each day because any change in texture is sensed as
uncomfortable [6]. The latter example may reflect tactile
hyper-sensitivity or simply resistance to change. Others
report they can hear the sound of electricity in the walls [7],
or that they can read tiny text like the small print on the
back of products from across a room [8]. In clinical studies,
higher sensory reactivity and sensitivity scores have been
shown in children with ASC compared to controls using
the Dunn Sensory Profile [9] and in adults with ASC using
the Sensory Perception Quotient [10]. Research with the
Diagnostic Interview for Social and Communication disor-
ders has reported that more than 90% of people with ASC
showed sensory abnormalities, a rate much higher than
controls [11]. Case studies in people with ASC haveLtd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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and language [12,13], and they are reported to have super-
ior pitch sensitivity compared to controls [14]. Taken
together, all these examples suggest that people with ASC
sense the world in a different way compared with others.
Supporting this suggestion, there is limited experimental
research suggesting enhanced sensory sensitivity in ASC
across the modalities of touch [15,16], vision [17-19], and
audition [12,14,20]. For example, Blakemore et al. [15] car-
ried out an experiment involving vibrotactile stimulation
and found those with ASC had a lower perceptual thresh-
old – i.e., tactile hypersensitivity – compared to controls.
An experimental study of visual acuity reported by our lab
[18] found that people with ASC were better than controls
at perceiving the location of the gap in targets consisting
of letter C’s presented on a computer screen, and has been
replicated by a study from an independent lab [21].
However, there is a substantial gap in the literature on
experimental research investigating olfactory detection
thresholds in ASC. This is notable given all the anecdotal
evidence mentioned above about sensory differences [3-13].
We are aware of only four experimental studies investigat-
ing olfactory processing in ASC which included detection
threshold testing and used a comparison group [22-25].
While these studies reported no differences in olfactory
detection sensitivity or impaired detection threshold for
the ASC groups compared to controls, the main focus of
two of them was on olfactory discrimination rather than
detection sensitivity [22,24]. Tasks involving the identifi-
cation of odour choices involve different cognitive and
neural processes compared to tasks examining ‘low-level’
olfactory detection thresholds registering presence or
absence of an odour [26-28]. Three of the studies [23-25]
involved a design with two or three different response
options on each trial that the participants had to compare
and remember. Since deficits in executive function are
reported in ASC [29,30], the inclusion of a number of
choice options and the memory requirements during
each trial may affect performance.
To fill this gap, the aim of the present study was to
compare low-level olfactory sensitivity in adults with ASC
to matched control participants using a standardised
clinical measure of olfactory detection threshold where
participants simply responded when the odour was
barely detected. Based on previous findings of sensory
hypersensitivity in other domains in ASC, we predicted
people with ASC would show enhanced olfactory sensitiv-
ity compared to controls. We also investigated the rela-
tionship between olfactory hypersensitivity and degree of
autistic traits in those with ASC, using scores from the
Autism-Spectrum Quotient (AQ). Recent research has
shown atypical sensory responsiveness is associated with
greater social impairment in people with ASC [31-33].
Moreover, Hilton et al. [32] reported that olfaction wasone of the strongest predictors of social impairment. As
such, we predicted a correlation between olfactory sensi-
tivity and AQ in the ASC group.
It is important to note that, in contrast to the various
experimental studies mentioned above suggesting hyper-
sensitivity in ASC across multiple sensory domains, other
studies have failed to replicate such findings [34,35]. There
are also reports of sensory hyporesponsiveness in ASC [6]
and, further, that hyporesponsiveness might actually better
distinguish ASC from other developmental conditions
[36]. In the tactile domain there is evidence that hypore-
sponsiveness shows a correlation with clinical symptoms
that is not evident for tactile hyperresponsiveness [37]. A
review of the sensory literature reported that hyporespon-
sivity might actually be more evident in ASC [38]. How-
ever, the research reviewed in that report [37] has been
criticised for including physiological studies with very
small samples [39]. It may also be the case that the behav-
iours of hyporesponsiveness may simply overlap with
some of the social symptoms in ASC, such as a lack of
response to being called by name. Therefore, further
investigations about sensory processing in ASC using ‘low-
level’ tasks with minimal cognitive and social demands are
important to report in order to better understand how
sensory processing might be different to controls.
Methods
Participants
We recruited 34 participants to take part in the study.
The ASC group comprised 17 adult males (mean
age =37.9 years, SD =13.4; mean Full Scale IQ =123.5,
SD =10.8) who were recruited from the volunteer data-
base of our centre (www.autismresearchcentre.com). They
were all previously diagnosed with ASC (7 HFA/10 AS)
according to international criteria [1] by qualified psychia-
trists or clinical psychologists in recognized clinical cen-
tres. All participants with ASC further completed the AQ
[40], a measure of autistic traits that has been found to be
strongly predictive of a clinical diagnosis of AS according
to DSM-IV criteria [41]. The AQ scores of the ASC group
(mean AQ =38.9, SD =6.3, 94.1% scoring 32+) were simi-
lar to previously published studies (mean AQ score =35.8,
SD =6.5, 80% scoring 32+) [40].
The control group comprised 17 adult males (mean
age =27.2 years, SD =10.9; mean Full Scale IQ =122.7,
SD =8.5) from the community. All participants in the
study completed a measure of intelligence [42] and the
resulting IQ scores did not differ between the groups: t
(32) =0.25; P >0.05. However, the ASC group was signifi-
cantly older than the control group: t(32) =2.54; P <0.02.
Everyone who participated gave written informed con-
sent to take part, and the study was approved by the
Psychology Research Ethics Committee at Cambridge
University. When asked, none of the participants reported
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gestion at the time of testing.
Measures and procedures
Participants with ASC completed the AQ, a 50-item
self-report questionnaire with a forced choice format
asking about behaviours associated with autism. Each
question includes the response choices ’Definitely agree’,
’Slightly agree’, ’Slightly disagree’, or ’Definitely disagree’.
Approximately half the questions are worded to elicit an
’agree’ response from control individuals, and half to
elicit a ’disagree’ response. The participant is scored one
point for each question which is answered either slightly
or definitely in a manner consistent with how a high-
functioning person with AS would answer. An example
question is ’I tend to have very strong interests which I
get upset about if I can’t pursue’, which would score 1 if
a participant chose either slightly agree or definitely agree.
The range of scores is from 0to50, with higher scores indi-
cating a greater degree of traits typical of ASC.
Participants also completed the Alcohol Sniff Test
(AST), a standardised task developed at the UCSD Naval
Dysfunction Clinic for measuring olfactory thresholds.
The AST was used because it is a simple, rapid, and reli-
able evaluation of olfaction [43] and has been shown to
have good test-retest reliability [44]. We followed the
procedures as previously developed [43,44], although in
the present study we included a further three trials for
each participant to get a better estimate of the parameter
without overly increasing the time. We also included a
greater range of detection distances because it was un-
known beforehand what the mean detection distances
would be for people with ASC, and our prediction was
for larger mean detection distances for this group.
Commercially available antiseptic swabs of isopropyl
alcohol (70% vol) were used as stimuli in the task. Alco-
hol swabs are well suited for the AST because at such
concentrations and distances from the nose they do not
exert trigeminal effects [44]. Activation of the trigeminal
nerve could potentially confound results by providing an
alternative sensory mechanism to the olfactory system.
One swab was initially placed under the nose of partici-
pants to familiarise them with the alcohol odour. This
was conducted in a separate area to where testing took
place to ensure no odour remained in the area of testing.
The location of testing had no air control mechanisms
(e.g., air conditioning), which minimised air movement
that might affect olfaction during the test. Testing was
carried out ina lab space the furthestpossible from the
location of any windows, and windows remained closed
and covered throughout. A meter ruler was attached to
the wall directly alongside where participants sat and in
direct view for the experimenter. Participants sat in an
adjustable chair, and the height of the chair was initiallyadjusted so that their nose was in line with the ‘zero’
mark on the ruler.
Participants were blindfolded and instructed to
breathe normally throughout the task and were told
when each trial was starting. At the beginning of each
trial, the alcohol swab was placed in the central part of
the participant’s abdomen in a vertical line directly
below their nose. The alcohol pad was raised 1 cm verti-
cally with each exhalation of the participant, based on
visual observation of the chest rising and falling. The
distance between the participant and the odour stimulus
was varied by 1 cm distances until the odour was barely
detected. Care was taken so the hand of the experi-
menter never came into contact with the participant, to
ensure the participant was unaware about the location
of the stimulus. A trial ended when the participant said
“yes”, indicating they could smell the alcohol odour.
Therefore, minimal involvement of executive function,
memory, or other cognitive mechanisms was required
during the task. The procedure was repeated five times
per participant. The dependent measure was the mean
distance (cm) from the nose measured when participants
detected the smell. The mean distance was calculated by
averaging the distances from the nose across all five tri-
als for each participant. On one of the trials for each
participant the experimenter delayed raising the stimulus
for 5 seconds. This was included as a way of indexing
the possibility that participants may have been making
response biases in the clinical test, such as anticipatory
errors or guessing. None of the participants reported
detecting a smell during the ‘catch period’ of these ‘pla-
cebo’ trials, and the distance of eventual detection on
these placebo trials did not differ significantly from the
other trials (all P >0.05).
Data analysis
A repeated-measures ANOVA was carried out on the
mean olfactory detection distances to test the main hy-
pothesis for differences in olfactory sensitivity, with Trial
(1 vs. 2 vs. 3 vs. 4 vs. 5) as the within-subjects factor and
Group (ASC vs. controls) as the between-subjects factor.
As the sample in this study was relatively small, the data
were re-analysed using a non-parametric bootstrapping
procedure, to see if the effect was still present using a
more conservative procedure. The ANOVA makes para-
metric assumptions about how the difference between
the ASC and control groups would vary if this study
were repeated. Specifically, it assumes that across many
replications, the observed differences between two groups
who are the same overall would follow a normal distri-
bution. In contrast, bootstrapping procedures make no
assumptions about how a statistic varies [45,46]. Instead,
an empirical estimate is obtained by repeatedly taking
samples from the data that have been collected and seeing
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this case, the statistic of interest was the overall mean dif-
ference between the ASC and control groups’ scores, and
the original pools of 17 ASC scores and 17 control scores
were repeatedly sampled with replacement. This meant
that a given person’s score could be included 0, 1, 2, or
more times in each sample. This was repeated 10,000
times and on each occasion the mean difference between
the ASC sample and the control sample was noted, pro-
viding many estimates of the group differences that might
be seen in replications of this experiment.
Results
The Shapiro-Wilk test showed that both groups pro-
vided distributions of mean detection distance scores
that were not significantly different from normal. Results
of the repeated-measures ANOVA revealed the main
effect of Trial was not significant, F(4,29) =0.32, P >0.05,
η2p =0.04, and that the interaction between Trial and
Group was also not significant, F(4,29) =0.17, P >0.05,
η2p =0.02. Importantly, there was a significant main effect
of Group, F(1,32) =10.1, P <0.01, η2p =0.24, with the ASC
group (mean =24.1 cm, SD =11.5, 95% CI =18.2 to 29.9)
detecting the odour at a significantly further distance
compared to the control group (mean =14.4 cm, SD =5.9,
95% CI =11.3 to 17.4; see Figure 1).
The bootstrap analysis confirmed that the mean ad-
vantage in detection distance for the ASC group was
9.70 cm and provided a 95% CI for this statistic of 2.90
to 15.93. This confidence interval was calculated using
the simple percentile method, meaning the 10,000Figure 1 Boxplot showing the mean distance (cm) from the nose at w
in the Alcohol Sniff Test. Larger values reflect greater perceptual sensitivirecorded differences between ASC samples and control
samples were arranged from the lowest to the highest
and the cut-offs for the bottom 2.5% and top 2.5% of
scores identified. In fact, of the 10,000 ‘replications’ in
this analysis, in only 32 (0.32%) did the ASC group show
no advantage over the control group, providing an
empirical two-tailed estimate of P =0.0032 for the ASC
group’s superior performance on this task.
Finally, correlation analyses revealed that mean odour
detection distance was independent of IQ when the
groups were combined (r =0.25, P >0.05) and when
considered separately (ASC, r =0.32, P >0.05; controls,
r =0.14, P >0.05). Similarly, there was no significant
correlation between detection distance and age in either
the ASC (r = −0.29, P >0.05) or control (r = −0.17, P >0.05)
groups. However, there was a significant positive correl-
ation in the ASC group between odour detection distance
and AQ scores (r =0.52, P <0.05; Figure 2).
Discussion
The present study provides the first experimental dem-
onstration of enhanced olfactory sensitivity in people
with ASC compared to controls. The ASC group de-
tected the alcohol odour at a mean distance of 24.1 cm
(SD =11.5), whilst controls were only able to detect the
odour when it was 14.4 cm (SD =5.9) from the nose.
The mean score by the control group is in line with pre-
vious results using the AST in samples of typical adults
[43,47] and the test showed a large effect size for the
difference between the groups (Cohen’s d =1.06). The
mean distance of detection in those with ASC was alsohich the control and ASC groups were able to detect the odour
ty and error bars represent standard error values.
Figure 2 Scatter plot showing the positive correlation between mean distance of odour detection thresholds (cm) and Autism-Spectrum
Quotient scores (0 to 50) for the ASC group.
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olfactory sensitivity was associated with a higher number
of autistic traits. These findings extend previous experi-
mental results of enhanced sensitivity across various
modalities in people with ASC [14-20] to also include
the olfactory domain. They also help interpret various
anecdotal and questionnaire accounts of sensory hyper-
sensitivity in ASC, which includes olfaction [3-10].
However, the present findings contradict previous experi-
mental studies investigating olfactory thresholds in ASC,
which have generally reported no differences compared to
controls or deficits [22-25]. There are a number of factors
that likely explain this. The main research focus of two of
the earlier studies [22,24] was on the discrimination of
odours, not in determining thresholds for olfactory detec-
tion. One of the studies [22] did not include a task meas-
uring olfactory threshold, and the other three studies
[23-25] tested olfactory thresholds using a design that
placed substantial memory requirements on participants.
This is a concern sincepeople with ASC sometimes show
deficits in executive function [29,30]. As such, all these
earlier studies used fundamentally different tasks than
the present study. The AST assessed only ‘low-level’
olfactory detection thresholds with minimal cognitive
task demands, and as such is a ‘purer’ test if the focus
of interest is on detection ability.
Previous olfaction detection studies in ASC also used
1-butanol for the odour in their methods, which is known
to stimulate the trigeminal nerve at the concentration
levels and distances involved [44]. This means results
could have been affected by activation in alternativesensory pathways to the olfactory system. The participant
groups in the Suzuki study were able to detect the odour
within the first 4 out of the 10 concentration increments
included, suggesting the odour concentrations may have
been too easy to detect. Participants in some of the previ-
ous studies of olfaction in ASC [22,23] were also generally
younger and had lower levels of cognitive functioning than
participants in the current study. Differences in the detec-
tion methods and samples used between those studies and
the present research makes it hard to directly compare
results and may help explain inconsistent results in the
literature. Given the methodological issues just described,
the results presented here may be more reliable as mea-
sures of detection threshold.
The present study further showed a quantitative rela-
tionship between level of enhanced olfactory sensitivity
and the degree of autistic traits. Amongst participants
with a clinical diagnosis of ASC, olfactory sensitivity was
higher in those with more severe ASC traits. Moreover,
no such relationship was seen for either age or level of
cognitive functioning. This is consistent with results from
questionnaire-based research looking at sensory process-
ing across different modalities, which have reported rela-
tionships between atypical sensory responsiveness and
degree of social impairment [31,32]. The present results
extend the previous research findings showing a rela-
tionship between sensory dysfunction and ASC traits to
include olfaction. However, the findings in the present
study contradict those of an earlier experimental study
that looked specifically at olfactory sensitivity and its rela-
tion to autism severity [48]. The authors utilised data from
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reported no group differences in olfactory detection
threshold [23], and further reported no relationship was
evident between olfactory detection thresholds and autism
severity [48]. An explanation for the difference in results
with the current study might be of the use of research
involving children and adolescents across different
developmental stages [23,48], whereas the present study
included adults. Given that some have suggested that
the olfactory system develops differently in ASC compared
to controls [49,50], this difference in age may explain the
discrepancy of the results.
The present study included a large variability in scores
across the ASC group, and the scores overlapped with
those of the control group. While research has shown
that olfactory sensitivity is quite common and is evident
in over half of people with ASC [51], it also indicates
that differences in olfactory functioning are not apparent
in all people with ASC. This variability suggests other
factors could interact with the olfactory system and play
a role in the degree of sensory sensitivity in ASC. One
potential factor that could be important for olfactory
processing is the perceived pleasantness of the odour
stimuli for people with ASC [23]. Research has found
that the degree of pleasantness rated for different odours
in ASC was related to how easily they identified odours,
with more pleasantly-rated odours being easier to iden-
tify, and more unpleasant odours identified with greater
difficulty [52]. Therefore, it is possible the pleasantness
level of odours for people with ASC could also affect
their detection threshold for that odour. The partici-
pants in the present study did not rate the pleasantness
of the odour stimuli used in the task, so its role in the
results cannot be determined. People with ASC also
show differences in neural habituation to repeated stim-
uli, generally showing reduced habituation compared to
controls [53,54]. There is also evidence that reduced
habituation in ASC affects sensory processing and may
play a role in atypical sensory sensitivity [55]. However,
the present findings within olfaction do not support the
idea that differences in habituation were involved in the
results, as there was no evidence for differences in
habituation or learning effects across the trials for those
with ASC.
An important question remains about how enhanced
low-level processing of sensory information might con-
tribute to characteristic deficits in social and communi-
cation functioning in ASC, if indeed they do, rather than
arising as an epiphenomenon. One idea is that enhanced
low-level sensory processing may result in a flood of
hyper-detailed information from the environment [56],
interfering with social processing. A large amount of
research has shown superior attention to detail in ASC,
such as better performance compared to controls on theEmbedded Figures Test [57]. We suggest that enhanced
sensory processing is associated with the greater atten-
tion to detail and processing of features that are charac-
teristic of ASC. This cognitive style may be beneficial for
some tasks, such as visual search paradigms. However, it
may impair performance on other tasks, like those
involving mentalizing, especially when there are no
details with which to draw inferences. Visual search
benefits from attention to detail because there are real
details to use in order to verify the facts. Mentalizing
does not benefit from attention to detail because mental
states cannot be directly observed and can only be
inferred from contextual cues (e.g. facial expression,
vocal intonation, recent events, and perceptual access).
This means there are few, if any, facts that can be veri-
fied during mentalizing.
Another possibility is that over-selective or over-focused
attention could lead to sensory over-reactivity, with en-
hanced processing of sensory stimuli occurring within an
amplified focus of attention towards sensory information
[39,58]. This suggests that one mechanism (e.g. attention)
could potentially produce sensory-processing differences
across multiple modalities within ASC, and that other fac-
tors contribute to the heterogeneous profiles typically seen
[59]. A recent study looked at self-reports of sensory
processing in a large sample of 221 adults with ASC and
reported sensory over-responsivity across all major sen-
sory systems, and found that the sensory over-responsivity
was related to degree of autism traits across each modality
[60]. These findings are consistent with the idea of one
common mechanism contributing to differences in sen-
sory sensitivity across all modalities, as it is unlikely that
separate mechanisms within each of the major sensory
systems would independently show the same type of
dysfunction. However, further research replicating these
findings using psychophysiological measures would help
validate this idea.
In terms of neurophysiology, a brain region hypothe-
sised to be involved in sensory over-reactivity and hyper-
attention in ASC is the amygdala [39]. This is relevant
given the theories and research linking dysfunction of
the amygdala to the social-emotional difficulties in ASC
[61-64]. The amygdala is also important for olfaction
processing, as it receives information directly from the
olfactory bulb. Up to 40% of amygdala neurons in rat
brains show activity in response to olfactory stimuli [65].
Similarly, electrophysiological studies in humans have
also revealed that amygdala neurons are responsive to
odours [66,67], and that activity of the amygdala is
shown to produce auras in the olfactory domain [68,69].
Temporal lobectomy that includes the amygdala region
is associated with deficits in processing odours [70,71].
Therefore, in addition to the amygdala’s association with
deficits of social-emotional processing in ASC, atypical
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olfactory information.
Certain neuroendocrine and neurotransmitter systems
may also play an important role in enhanced olfactory
acuity in ASC. Studies with animals have shown the
olfactory bulb has a high concentration of estrogen and
androgen receptors [72], and receptors for these neuro-
hormones are found in cells known to facilitate odour
discrimination [73,74]. In rats, testosterone plays a signifi-
cant role in enhancing olfactory acuity [75], and reduced
testosterone production (e.g. via castration) results in
decreased olfactory sensitivity [76]. It has been proposed
that higher levels of prenatal androgens may be a causal
factor in ASC [77-80]. There is also much evidence for
impairments in γ-aminobutyric acid (GABA) neurotrans-
mission in ASC [81,82]. GABA is the main inhibitory
neurotransmitter in the human brain and reduced GABA
functioning could produce imbalances in the excitation
and inhibition in sensory systems leading to enhanced
sensitivity. Therefore, altered GABA functioning could
potentially help explain the current findings.
It could be argued that, rather than reflecting differences
in olfactory sensitivity between the ASC and control
groups, the results here are an experimental artefact.
Given the design of the AST, it is possible the group
difference in olfactory sensitivity may have emerged from
a response bias by the ASC group. However, to counter
such a claim we included a catch (‘placebo’) trial for every
participant in the study in order to test for response
biases, where the raising of the stimulus towards the nose
was delayed by 5 seconds. Not once did any participant
with ASC respond during this catch period, suggesting re-
sponse biases where people with ASC may have been sim-
ply guessing about the presence of the stimulus were not
present. In addition, the eventual detection distances for
the catch trials did not differ from other trials where no
catch period was present. These findings with the catch
trials suggest no response bias existed for those with ASC,
where they may have responded in expectation of the
odour stimulus. Moreover, to reduce the chance of a type
I error from the relatively small number of participants
(n = 17 for each group) and trials, the data were further
analysed using a non-parametric bootstrapping procedure.
The bootstrapping technique is appropriate for datasets
with fewer participants and trials, which involved looking
at the mean difference between groups in 10,000 samples
of the data. Results showed that 99.68% of the time a
greater detection distance was found for the ASC group,
suggesting the present results are unlikely to represent a
type I error.
Some limitations of the present study should be noted.
First is the relatively small numberof participants (n =34),
which included 17 people with ASC and 17 controls.
Although this number is in line with many previouslypublished studies testing sensory sensitivity in ASC, and
although we conducted an additional analysis to compen-
sate for the small sample, further research should include
larger samples. While the present study involved a stan-
dardised clinical test of olfaction sensitivity, this test in-
volved fewer trials than other methods for testing sensory
thresholds. Further research on olfaction in ASC should
utilise other methods of olfactory threshold detection to
replicate the current findings, as well as alternative designs
such as staircase methods and signal detection theory
[83]. The two groups did differ between each other in
terms of mean age, although this was not considered a
problem since our prediction was for superior olfaction in
the ASC group and olfactory sensitivity declines with age
[84,85]. Therefore, if the ASC group showed hypersensi-
tivity in olfaction despite being older, this would constitute
a strong, conservative test of the hypothesis.
Another limitation is that alcohol was the only olfactory
stimulus used in the present task, which limits making
generalisations about the results beyond this odour. This
is particularly relevant given the earlier discussion of how
people with ASC might be sensitive to odour pleasantness.
Additional research including other types of olfactory
stimuli is needed. Further experimental research should
also be run alongside self-report measures of sensory
processing in the same individuals, as this would allow the
experimental data to be correlated with self-reports about
sensitivity. The AQ was not included for the control sam-
ple, so we cannot rule out that some of them may have
had higher traits of ASC. Further research should include
formal clinical confirmations of diagnosis for both groups
using theAutism Diagnostic Observation Scheduleand
Autism Diagnostic Interview-Revised, which was a limita-
tion to the current research. This would help verify clin-
ical diagnosis for the ASC group. A final limitation is that
the research here focused only on participants who were
high-functioning adult males, diagnosed with either AS or
HFA. Since the AST is a simple and reliable measure of
olfactory detection, this task could be used to determine
olfaction thresholds across other autism spectrum groups
including females, those of younger ages, and individuals
with lower-functioning ASC.
Conclusions
The present results show enhanced olfactory sensitivity in
ASC, with the degree of olfactory hypersensitivity being
associated with the severity of ASC traits. These findings
within olfaction are consistent with reports of enhanced
sensitivity in other modalities, as well as clinical reports of
enhanced sensations that include olfactory processing.
The underlying neurophysiology could involve the amyg-
dala and certain neuroendocrine and neurotransmitter
systems, including testosterone and GABA. These are
reported to be involved in both olfaction and ASC.
Ashwin et al. Molecular Autism 2014, 5:53 Page 8 of 9
http://www.molecularautism.com/content/5/1/53Abbreviations
AQ: Autism-Spectrum Quotient; AS: Asperger syndrome; ASC: Autism
spectrum conditions; AST: alcohol sniff test; GABA: γ-aminobutyric acid HFA,
High-functioning autism.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
CA designed the study, carried out the statistical analyses, and drafted the
manuscript. EC, JH, and DR assisted with data collection and scoring of
behavioural measures. IW provided key input on analysis. SBC provided input
on the conception and design of the study, behavioural measure selection
and scoring, and helped revise the manuscript. All authors read and
approved the final manuscript.
Acknowledgements
This work was conducted in association with the NIHR-CLAHRC East of
England. We are grateful to Teresa Tavassoli and Bhismadev Chakrabarti for
valuable discussion and to the participants for their generous help. SBC was
supported by the MRC, the Wellcome Trust, and the Autism Research Trust,
during the period of this work.
Author details
1Autism Research Centre, Department of Psychiatry, University of Cambridge,
Douglas House, 18b Trumpington Road, Cambridge CB2 8AH, UK.
2Department of Psychology, University of Bath, Bath BA2 7AY, UK.
3Cambridgeshire and Peterborough NHS Foundation Trust, CLASS Clinic,
Cambridge CB21 5EF, UK.
Received: 11 June 2014 Accepted: 7 November 2014
Published: 20 November 2014
References
1. American Psychiatric Association: Diagnostic and Statistical Manual of Mental
Disorders-Text Revision. Washington, DC: American Psychiatric Association; 2000.
2. American Psychiatric Association: Diagnostic and Statistical Manual of Mental
Disorders. 5th edition. Arlington, VA: American Psychiatric Publishing; 2013.
3. Grandin T, Scariano MM: Emergence: Labelled Autistic. New York: Warner
Books; 1986.
4. Williams D: Nobody Nowhere: The Remarkable Autobiography of an Autistic
Girl. London: Jessica Kingsley Publishers; 1994.
5. Grandin T: Thinking in Pictures: And Other Reports from My Life with Autism.
New York: Vintage Books; 1995.
6. Bogdashina O: Sensory Perceptual Issues in Autism and Asperger Syndrome.
London: Jessica Kingsley Publishers; 2003.
7. Bogdashina O: Autism and Spirituality: Psyche, Self and Spirit in People on the
Autism Spectrum. London: Jessica Kingsley Publishers; 2013.
8. Baron-Cohen S: Autism and Asperger Syndrome. Oxford: Oxford University
Press; 2008.
9. Rogers SJ, Hepburn S, Wehner E: Parent reports of sensory symptoms in
toddlers with autism and those with other developmental disorders.
J Autism Dev Disord 2003, 33:631–642.
10. Tavassoli T, Hoekstra R, Baron-Cohen S: The Sensory Perception Quotient
(SPQ): development and validation of a new sensory questionnaire for
adults with and without autism. Mol Autism 2014, 5:29.
11. Leekam SR, Nieto C, Libby SJ, Wing LK, Gould J: Describing the sensory
abnormalities of children and adults with autism. J Autism Dev Disord
2007, 37:894–910.
12. Mottron L, Peretz I, Belleville S, Rouleau N: Absolute pitch in autism: a case
study. Neurocase 1999, 5:485–501.
13. Heaton P, Davis RE, Happé FG: Research note: exceptional absolute pitch
perception for spoken words in an able adult with autism.
Neuropsychologia 2008, 46:2095–2098.
14. Bonnel A, Mottron L, Jelenic P, Faubert J: Enhanced pitch sensitivity in
individuals with autism: a signal detection analysis. J Cogn Neurosci 2003,
15:226–235.
15. Blakemore SJ, Tavassoli T, Calò S, Thomas RM, Catmur C, Frith U, Haggard H:
Tactile sensitivity in Asperger syndrome. Brain Cogn 2006, 61:5–13.16. Cascio C, McGlone F, Folger S, Tannan V, Baranek G, Pelphrey KA, Essick G:
Tactile perception in adults with autism: a multidimensional
psychophysical study. J Autism Dev Disord 2008, 38:127–137.
17. Foss-Feig JH, Tadin D, Schauder KB, Cascio CJ: A substantial and
unexpected enhancement of motion perception in autism. J Neurosci
2013, 33:8243–8249.
18. Ashwin E, Ashwin C, Rhydderch D, Howells J, Baron-Cohen S: Eagle-eyed
visual acuity: an experimental investigation of enhanced perception in
autism. Biol Psychiatry 2009, 65:17–21.
19. Bertone A, Mottron L, Jelenic P, Faubert J: Enhanced and diminished
visuospatial information processing in autism depends on stimulus
complexity. Brain 2005, 128:2430–2441.
20. Gomot M, Giard MH, Adrien JL, Barthelemy C, Bruneau N: Hypersensitivity to
acoustic change in children with autism: electrophysiological evidence of
left frontal cortex dysfunctioning. Psychophysiology 2002, 39:577–584.
21. Brosnan MJ, Gwilliam LR, Walker I: Brief report: the relationship between
visual acuity, the embedded figures test and systemizing in autism
spectrum disorders. J Autism Dev Disord 2012, 42:2491–2497.
22. Bennetto L, Kuschner ES, Hyman SL: Olfaction and taste processing in
autism. Biol Psychiatry 2007, 62:1015–1021.
23. Dudova I, Vodicka J, Havlovicova M, Sedlacek Z, Urbanek T, Hrdlicka M:
Odor detection threshold, but not odor identification, is impaired in
children with autism. Eur Child Adolesc Psychiatry 2011, 20:333–340.
24. Suzuki Y, Critchley HD, Rowe A, Howlin P, Murphy DG: Impaired olfactory
identification in Asperger’s syndrome. J Neuropsychiatry Clin Neurosci 2003,
15:105–107.
25. Tavassoli T, Baron-Cohen S: Olfactory detection thresholds and adaptation
in adults with autism spectrum condition. J Autism Dev Disord 2012,
42:905–909.
26. Cain WS: To know with the nose: keys to odor identification. Science
1979, 203:467–470.
27. Cain WS, Gent JF, Goodspeed RB, Leonard G: Evaluation of olfactory
dysfunction in the Connecticut chemosensory clinical research center.
Laryngoscope 1988, 98:83–88.
28. Gross-Isseroff R, Luca-Haimovici K, Sasson Y, Kindler S, Kotler M, Zohar J:
Olfactory sensitivity in major depressive disorder and obsessive-
compulsive disorder. Biol Psychiatry 1994, 35:798–802.
29. Ozonoff S, Pennington B, Rogers S: Executive function deficits in high
functioning autistic children: relationship to theory of mind. J Child
Psychol Psychiatry 1991, 32:1081–1106.
30. Ozonoff S: Executive functions in autism. In Learning and Cognition in Autism.
Edited by Schopler E, Mesibov G. New York: Plenum Press; 1995:199–219.
31. Hilton C, Graver K, LaVesser PD: Relationship between social competence
and sensory processing in children with high functioning autism
spectrum disorders. Res Autism Spectr Disord 2007, 1:164–173.
32. Hilton C, Harper JD, Kueker R, Lang AR, Abbacchi AM, Todorov A, LaVesser PD:
Sensory responsiveness as a predictor of social severity in children with
high functioning autism spectrum disorders. J Autism Dev Disord 2010,
40:937–945.
33. Kern JK, Trivedi MH, Grannemann BD, Garver CR, Johnson DG, Andrews AA,
Savla JS, Mehta JA, Schroeder JL: Sensory correlations in autism.
Autism 2007, 11:123–134.
34. Bölte S, Schlitt S, Gapp V, Hainz D, Schirman S, Poustka F, Weber B,
Freitag C, Ciaramidaro A, Walter H: A close eye on the eagle-eyed visual
acuity hypothesis of autism. J Autism Dev Disord 2012, 42:726–733.
35. Tavassoli T, Latham K, Bach M, Dakin SC, Baron-Cohen S: Psychophysical
measures of visual acuity in autism spectrum conditions. Vision Res 2011,
51:1778–1780.
36. Baranek GT, Watson LR, Boyd BA, Poe MD, David FJ, McGuire L:
Hyporesponsiveness to social and nonsocial sensory stimuli in children
with autism, children with developmental delays, and typically
developing children. Dev Psychopathol 2013, 25:307–320.
37. Foss-Feig JH, Heacock JL, Cascio CJ: Tactile responsiveness patterns
and their association with core features in autism spectrum disorders.
Res Autism Spectr Disord 2012, 6:337–344.
38. Rogers SJ, Ozonoff S: Annotation: What do we know about sensory
dysfunction in autism? A critical review of the empirical evidence. J Child
Psychol Psychiatry 2005, 46:1255–1268.
39. Green SA, Ben-Sasson A: Anxiety disorders and sensory over-responsivity in
children with autism spectrum disorders: Is there a causal relationship?
J Autism Dev Disord 2010, 40:1495–1504.
Ashwin et al. Molecular Autism 2014, 5:53 Page 9 of 9
http://www.molecularautism.com/content/5/1/5340. Baron-Cohen S, Wheelwright S, Skinner R, Martin J, Clubley E: The autism
spectrum quotient (AQ): evidence from Asperger syndrome/high-functioning
autism, males and females, scientists and mathematicians. J Autism Dev Disord
2001, 31:5–17.
41. Woodbury-Smith M, Robinson J, Baron-Cohen S: Screening adults for
Asperger syndrome using the AQ: a preliminary study of its diagnostic
validity in clinical practice. J Autism Dev Disord 2005, 35:331–335.
42. Wechsler D: Wechsler Abbreviated Scale of Intelligence. San Antonio: The
Psychological Corporation; 1999.
43. Davidson TM, Murphy C: Rapid clinical evaluation of anosmia: the alcohol
sniff test. Arch Otolaryngol Head Neck Surg 1997, 123:591–594.
44. Davidson TM, Freed C, Healy MP, Murphy C: Rapid clinical evaluation of
anosmia in children: the alcohol sniff test. Ann N Y Acad Sci 1998,
855:787–792.
45. Efron B: Bootstrap methods: another look at the jackknife. Ann Stat 1979,
7:1–26.
46. Efron B, Tibshirani R: The Bootstrap Method for standard errors,
confidence intervals, and other measures of statistical accuracy. Stat Sci
1986, 1:1–35.
47. Frank RA, Dulay MF, Gesteland RC: Assessment of the Sniff Magnitude
Test as a clinical test of olfactory function. Physiol Behav 2003, 78:195–204.
48. Dudova I, Hrdlicka M: Olfactory functions are not associated with autism
severity in autism spectrum disorders. Neuropsychiatr Dis Treat 2013,
9:1847–1851.
49. Brewer WJ, Brereton A, Tonge BJ: Dissociation of age and ability on a
visual analogue of the University of Pennsylvania Smell Identification
Test in children with autism. Res Autism Spectr Disord 2008, 2:612–620.
50. May T, Brewer WJ, Rinehard NJ, Enticott PG, Brereton A, Tonge BJ:
Differential olfactory identification in children with autism and
Asperger’s disorder: a comparative and longitudinal study. J Autism Dev
Disord 2011, 41:837–847.
51. Schoen SA, Miller LJ, Brett-Green BA, Nielson DM: Physiological and
behavioural differences in sensory processing: A comparison of children
with autism spectrum disorder and sensory modulation disorder.
Front Integr Neurosci 2009, 3:29.
52. Hrdlicka M, Vodicka J, Havlovicova M, Urbanek T, Blatny M, Dudova I: Brief
report: significant differences in perceived odor pleasantness found in
children with ASD. J Autism Dev Disord 2011, 41:524–527.
53. Kleinhans NM, Johnson LC, Richards T, Mahurin R, Greenson J, Dawson G,
Aylward E: Reduced neural habituation in the amygdala and social
impairments in autism spectrum disorders. Am J Psychiatry 2009, 166:467–475.
54. Webb SJ, Jones EJ, Merkle K, Namkung J, Toth K, Greenson J, Murias M,
Dawson G: Toddlers with elevated autism symptoms show slowed
habituation to faces. Child Neuropsychol 2010, 16:255–278.
55. Guiraud JA, Kushnerenko E, Tomalski P, Davies K, Ribeiro H, Johnson MH,
BASIS Team: Differential habituation to repeated sounds in infants at
high risk for autism. Neuroreport 2011, 22:845–849.
56. Mottron L, Dawson M, Soulières I, Hubert B, Burack JA: Enhanced
perceptual functioning in autism: an update, and eight principles of
autistic perception. J Autism Dev Disord 2006, 36:27–43.
57. Jolliffe T, Baron-Cohen S: Are people with autism or Asperger’s syndrome
faster than normal on the embedded figures task? J Child Psychol
Psychiatry 1997, 38:527–534.
58. Liss M, Saulnier C, Fein D, Kinsbourne M: Sensory and attention
abnormalities in autistic spectrum disorders. Autism 2006, 10:155–172.
59. Minshew NJ, Hobson JA: Sensory sensitivities and performance on sensory
perceptual tasks in high-functioning individuals with autism. J Autism Dev
Disord 2008, 38:1485–1498.
60. Tavassoli T, Miller LJ, Schoen SA, Nielsen DM, Baron-Cohen S: Sensory
over-responsivity in adults with autism spectrum conditions. Autism
2013, 18:428–432.
61. Baron-Cohen S, Ring HA, Bullmore ET, Wheelwright S, Ashwin C, Williams SC:
The amygdala theory of autism. Neurosci Biobehav Rev 2000, 24:355–364.
62. Boucher J, Mayes A, Cowell P, Broks P, Farrant A, Roberts N: A combined
clinical, neuropsychological and neuroanatomical study of adults with
HFA. Cogn Neuropsychiatry 2005, 10:165–214.
63. Howard MA, Cowell PE, Boucher J, Broks P, Mayes A, Farrant A, Roberts N:
Convergent neuroanatomical and behavioural evidence of an amygdala
hypothesis of autism. Neuroreport 2000, 11:2931–2935.64. Schultz RT: Developmental deficits in social perception in autism: the
role of the amygdala and fusiform face area. Int J Dev Neurosci 2005,
23:125–141.
65. Cain DP, Bindra D: Responses of amygdala single units to odors in the
rat. Exp Neurol 1972, 35:98–110.
66. Andy OJ, Jurko MF, Hughes JR: The amygdala in relation to olfaction.
Confin Neurol 1975, 37:215–222.
67. Hughes JRA, Andy OJ: The human amygdala. I: electrophysiological
responses to odorants. Electroencephalogr Clin Neurophysiol 1979, 46:428–443.
68. Andy OJ: The amygdala and hippocampus in olfactory aura. EEG Clin
Neurophysiol 1967, 23:291–293.
69. Hughes JR, Hendrix DE, Andy OJ, Wang C, Peeler D, Wetzel N: Correlations
between electrophysiological and subjective responses to odorants as
recorded from the olfactory bulb, tract and amygdala of waking man.
In Neurophysiology Studied in Man. Edited by Somjen G. Amsterdam:
Excerpta Medica; 1972.
70. Rausch R, Serafetinides EA: Specific alterations of olfactory function in
humans with temporal lobe lesions. Nature 1975, 552:557–558.
71. Rausch R, Serafetinides EA, Crandall PH: Olfactory memory in patients with
temporal lobectomy. Cortex 1977, 13:445–452.
72. Sar M, Stumpf WE: Distribution of androgen-concentrating neurons in the
rat brain. In Anatomical Neuroendocrinology. Edited by Stumpf WE, Grant
LD. Basel: Karger; 1975:254–261.
73. Kelliher KR, Chang YM, Wersinger SR, Baum MJ: Sex difference and
testosterone modulation of pheromone-induced neuronal Fos in the ferret's
main olfactory bulb and hypothalamus. Biol Reprod 1998, 59:1454–1463.
74. Yokoi MK, Mori M, Nakanishi S: Refinement of odor molecule tuning by
dendrodendritic synaptic inhibition in the olfactory bulb. Proc Natl Acad
Sci U S A 1995, 92:3371–3375.
75. Pietras RJ, Moulton DG: Hormonal influences on odor detection in rats:
changes associated with the estrous cycle, pseudopregnancy,
ovariectomy and administration of the testosterone propionate.
Physiol Behav 1974, 12:475–491.
76. Doty RL, Ferguson-Segall M: Influence of castration on the odor detection
performance of male rats. Behav Neurosci 1989, 103:691–693.
77. Auyeung B, Baron-Cohen S, Ashwin E, Knickmeyer R, Taylor K, Hackett G:
Fetal testosterone and autistic traits. Br J Psychol 2009, 100:1–22.
78. Baron-Cohen S: The extreme male brain theory of autism. Trends Cogn Sci
2002, 6:248–254.
79. Baron-Cohen S, Lutchmaya S, Knickmeyer R: Prenatal Testosterone in Mind:
Amniotic Fluid Studies. Boston: MIT Press; 2004.
80. Baron-Cohen S, Auyeung B, Nørgaard-Pedersen B, Hougaard D, Abdallah M,
Melgaard L, Cohen A, Chakrabarti B, Ruta L, Lombardo M: Elevated fetal
steroidogenic activity in autism. Mol Psychiatry 2014, 1:8.
81. Cellot G, Cherubini E: GABAergic signaling as therapeutic target for
autism spectrum disorders. Front Pediatr 2014, 2:70.
82. Coghlan S, Horder J, Inkster B, Mendez MA, Murphy DG, Nutt DJ: GABA
system dysfunction in autism and related disorders: from synapse to
symptoms. Neurosci Biobehav Rev 2012, 36:2044–2055.
83. Lehrner J, Gluck J, Laska M: Odor identification, consistency of label use,
olfactory threshold and their relationships to odor memory over the
human lifespan. Chem Senses 1999, 24:337–346.
84. Gilbert AN, Wysocki CJ: The smell survey results. Nat Geosci 1987,
122:514–525.
85. van Toller S, Dodd GH: Presbyosmia and olfactory compensation for the
elderly. Br J Clin Pract 1987, 41:725.
doi:10.1186/2040-2392-5-53
Cite this article as: Ashwin et al.: Enhanced olfactory sensitivity in
autism spectrum conditions. Molecular Autism 2014 5:53.
